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PREFACE 



This work is an application of a technique developed by Stanford 
Research Institute for determining the characteristics of low-frequency 
dipole-type antennas by electrostatic measurements. Specifically it 
concerns the variation in the radiation patterns of low-frequency 
aircraft antennas due to the airframe configuration and the location 
on a particular airframe. The different configurations are simulated 
by adding wing, tail surfaces and nacelles in varying combinations to 
a slender prolate spheroid. The experimental results include a 
comparison of mock-up measurement* with actual aircraft model measure- 
ments. 

The writer wishes to acknowledge the contributions made to this 
work by the members of the Aircraft Radiation Systems Laboratory at 
Stanford Research Institute. Particular thanks are due to Dr. J. T. 
Bolljahn and Mr. R. F. Reese for their many discussions and suggestions 
on both the practical and the theoretical aspects concerned. 
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CHAPTER I 



INTRODUCTION 

The measurement of low frequency dipole-type antenna characteristic 
using electrostatic techniques is a recent development in antenna 
research. The analogue technique has been used by Eolljahn {.1*1 and 
Reese (^5J to provide design information for a number of specific aircraft 
antenna installations. The use of this technique is not limited solely 
to aircraft, but may be applied to any antenna installation in which 
the dimensions of both the antenna and the body on which it is mounted 
are small relative to a wavelength at the operating frequency. The 
information obtained from electrostatic measurements is the effect of 
the conducting body on the sensitivity and the radiation pattern of 
any dipole-type antenna. This knowledge may be applied to an antenna 
of specific slxe and shape in order to evaluate its characteristics 
and compare then with the desired specifications. 

Since the antennas to which this technique is applicable are 
small, the radiation pattern is that of a simple dipole. The only 
effect of the conducting body is to vary the orientation of the pattern 
for various locations on the body. The combination of the antenna and 
the conducting body form what may be termed as equivalent dipole. The 
angle by which the axis of this equivalent dipole departs from a vertical 
orientation is of particular interest in the placement of ADF sense 
antennas on aircraft. This angle of tilt must be small or erroneous 
navigational information will be supplied by the ADF system. The 
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curvature of the conducting body at any point causes an Intensification 
of the field normal to the surface at that point. This results in an 
increase in the sensitivity of an antenna mounted at that location when 
compared with its sensitivity to an incident wave while mounted on flat 
ground plane. The ratio of the field normal to the surface of the con- 
ducting body to the uniform field in which the body is immersed is a 
direct measure of this increase in sensitivity. This ratio is called 
the curvature factor and is a function of the aircraft configuration 
as well as the location on any specific airframe. 

The ability to predict more accurately the radiation character- 
istics of an antenna on a particular aircraft would be extremely use- 
ful in preliminary discussions and planning prior to making measurements 
on the actual model. This investigation is intended to make such 
predictions possible by observing the effects of the various major air- 
frame components as they are added to the fuselage or combined in various 
ways to simulate existing aircraft configurations. 

The initial step in the investigation Is a discussion of the theory 
of small dipole-type antennas and a Justification of the quasi-static 
approach to the problem. The quasi-static solutions for simple antenna 
configurations are used to define a new sensitivity parameter for 
antennas. An experimental technique suggested by the theoretical dis- 
cussion is outlined and the facilities required to implement this 
technique are discussed. The experimental results include the simulated 
aircraft measurements and measurements of actual aircraft. The use of 
the data obtained from the simulated configurations In predicting the 
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aircraft characteristics is demonstrated. These predictions are compared 
with the measurements obtained from actual models and the probable reasons 
for discrepancies between the predicted and the measured results are 
indicated. The final discussion concerns the refinements in prediction 
which are possible by correlating the results of this study with past 
and future data obtained from actual models. 
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CHAPTER II 



THEORY OF SMALL DIPOLE-TYPE ANTENNAS 

The properties of snail antennas of the dipole-type have been 
reported in an extensive study by J. T. Bolljahn Q 2 ] of the Stanford 
Research Institute. This section is a summary of the portion of the 
above report pertinent to this investigation. It contains the develop- 
ment and Justification of the electrostatic solution for small antenna 
characteristics and the theoretical definition of the qantities which 
may be determined using this technique. The figures and curves referred 
to in the discussion have been taken from the above report with the 
kind permission of Stanford Research Institute and Dr. Bolljahn. 

1. The Equivalent Generator Circuit 

The antennas under investigation in this study are those for 
which both the antenna size and the dimensions of airframe on which it 
is mounted are small relative to the operating wave length. This situa- 
tion is encountered in sense antennas for aircraft ADF systems and also 
for LORAN antennas on aircraft. Figure 1 shows the equivalent genera- 
tor circuit commonly associated with this type antenna. The source 
impedance is equal to the driving point impedance of the antenna and 
the generated voltage is proportional to the amplitude of the inci- 
dent wave. 

For an antenna with a matched load the proportionality existing 
between the equivalent open-circuit generator voltage and the incident 
wave amplitude is given in terms of the antenna properties by 
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( 1 ) 



where 



V oc - Equivalent open-circuit generator voltage (Volts) 

E m Amplitude of the incident electric field (Volts/Meter) 

Eq s Resistance component of antenna impedance (Chins) 

A = Receiving crossection of antenna (Meters^) 
a 120 Ohms 

The factor A contains the functional dependence of the ratio on 
the antenna orientation relative to the direction of propagation and 
the polarization of the Incident wave. The maximum value of the ratio 
is designated by the term "effective length", symbolically abbreviated 
l e . Thus 



For linear antennas the value of 1* is simply related to the 
antenna dimensions; but for other types, such as a cavity antenna, there 
exists no such simple relation. The use of the alternative form of 
equivalent generator circuit shown in Figure 2 makes it possible to 
define a sensitivity parameter for any small dipole-type antenna . This 
circuit consists of an infinite impedance current generator shunted by 
an admittance equal to the antenna driving-point admittance. The 
magnitude of the generator current is equal to the current which would 
flow through the antenna terminals if these were short circuited. The 
use of this form of equivalent generator makes calculation of the gene- 
rator current particularly simple for small flush-mounted antennas. 
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Suppose a uniform static electric field is impressed such that it 
strikes a conducting sheet normally as shown in Figure 3. If the 
terminals of the flush antenna are short circuited, and if the gap width 
is small relative to the size of the opening in the sheet, the eleotric 
field will be uniform except for small perturbations in the vicinity of 
tho gap. The charge induced on the antenna by the impressed field is 
given by 

5 (3) 



where 

q r Induced charge (Coulombs) 

t 0 * Dielectric constant of free space (Farad s/Keter) 

Eo a Magnitude of inoldent atatio field (Volts/Meter) 

S a Area enclosed by slot (Meters^) 

If the impressed field is now allowed to vary slowly in a periodic 
fashion such that 

E = E. e 1 "* (4) 

then the current through the shorted antenna terminals is given by 

I s - ^ ” j wj £. E 5 ( 5 ) 

where 

I 8 s Equivalent generator current (Ampere) 
oj s Angular frequency (Radians/Second) 

The condition that the frequency be low corresponds to the assumed 
condition that the dimensions of the antenna system be small relative to 
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the wave length. The equivalent generator currents for other forms of 
small antennas nay be calculated in the sane manner. 

If the Induced charge on a small antenna of arbitrary form can 
be determined, equation 3 may be U3ed to define a new sensitivity 
parameter a«. This parameter can be termed the "equivalent area" 
of the antenna in question. In terms of the induced charge and the 
impressed static field 

ae ■ ihz (6) 

For a flush antenna, this reduces to the area S enclosed by the slot. 
This parameter, like 1 # , is function of the particular antenna con- 
figuration. The equation for the equivalent generator current may be 
written for the general case as 

I s = j to E (7) 

Since the two equivalent generator circuits apply equally well to 
the same antenna, there must exist a relationship between the sensiti- 
vity parameters 1 # and a # . An expression for the equivalent generator 
current may be obtained by dividing the open-circuit voltage V Q by the 
antenna impedance. For all very small antennas of the dipole type the 
resistance component of the impedance is sufficiently small so that the 
equivalent generator impedance may be represented by a pure capacitance 
C a . Equating this result to the expression for the current given by 
equation 7 results, upon simplification, in 
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The equivalent area Is thus proportional to the product of the antenna 
capacitance and the effective length. 

2. Ground Plane Effects 

The extension of the preceding discussion to protruding antennas 
can best be accomplished by considering the conducting body on which 
the antenna is mounted as a ground plane "against" which the radiator 
is driven. This requires separation of antenna and ground plane effects. 

For a small flush antenna located on the surface of a conducting 
body the determination of the induced charge due to an impressed static 
field permits evaluation of a e and the equivalent generator current. 

If the dimensions of a small protruding antenna are small relative to 
the radius of curvature on which it is mounted, the ratio of induced 
charges on a flush antenna and a protruding antenna should be very 
nearly the same as the corresponding ratio when both antennas are 
located on a plane conductor. The ar,~uments applied above to the calcu- 
lation of induced charge on flush antennas may thus be extended to 
protruding antennas. 

The effect of the conducting body on the system sensitivity is 
apparent if equation 6 is written in the form 






JL- . JLl 

E n ^ ° 



( 9 ) 



where Ejj is the electric field normal to the conducting surface due to 
the impressed field Eq, in the absence of the antenna. The factor 
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q/f.Ejj is taken as the sensitivity parameter for the antenna on an 
infinite plane conductor and the factor Ejj/E 0 represents the effect of 
the conducting body. 

If the conducting body is small relative to a wavelength, electro- 
static solutions may be used to determine the ratio Ea/E 0 . According to 
Smythe £6^ this ratio attains a maximum value of 2 for a long cylindrical 
conductor and 3 for a sphere as illustrated in Figure 4< The sensitivity 
parameter of a small antenna counted on such conducting surfaces is 
increased by this amount over its value on a plane conductor. 

A geometrical form of particular interest is the prolate spheroid 
because of its resemblance to an aircraft fuselage. Spheroidal solutions 
■ay be used to calculate the factor E^/Eq for spheroids having various 
major-to-minor-axls ratios. The results are shown in Figures 5 end 6 
for the impressed field respectively parallel and perpendicular to tho 
major axis of the spheroid. For polarization parallel to the major axis 
tho values of Eq/E 0 are large near the end of the conductor. This 
demonstrates the advantage of locating the antenna near an extremity 
of a conducting body (as is done with wing-cap and tail-cap antennas) 
provided that an undesirable radiation pattern does not result from 
such a location. For polarization perpendicular to the major axis the 
factor Ea/Eo approaches 2 for most of the length of relatively thin 
spheroids. The limiting case is an infinitely long cylinder for which 
the value is exactly 2. 

The case of arbitrary incidence of the impressed field relative 
to the major axis of the spheroid may be treated as a combination 
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of the above cases. Superimposing the results for parallel and perpen- 
dicular polarization uith proper amplitudes results in a radiation 
pattern which may be shown to be a simple dipole pattern for any location 
on the spheroid. The orientation of the pattern depends on the location 
on the spheroid and the rajor-to-minor-axis ratio of the spheroid. 

Figure 7 shows the angle between the radiation null and the major axis 
of the spheroid as a function of the spheroid parameters and the antenna 
location. 
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CHAPTER III 



EXPERIMENTAL MEASUREMENT TECHNIQUE 

The discussion in Chapter II is concerned with analytical solutions 
for the sensitivity parameters of antennas which are of relatively simple 
configuration. The general development suggests an experimental approach 
which may be used in determining the characteristics of nore complex 
systems. 

Suppose that a conducting model of an aircraft is immersed in a 
uniform electrostatic field of known intensity. If the charge induced 
on a small probing antenna mounted on the model can be determined, the 
sensitivity parameter for that particular location may be calculated. 

The probing antenna must be small compared to the dimensions of the model 
at the particular location to minimise the perturbations of the field due 
to the presence of the antenna. The orientation of the low frequency 
radiation pattern may be determined by repeating the measurement of charge 
for various angles of incidence of the impressed static field relative 
to the aircraft. Typical patterns are shown in figure 8. 

Orientation of the aircraft model with the longitudinal axis of 
the fuselage perpendicular to the impressed field duplicates a condition 
normally encountered in low frequency aircraft radiation systems. This 
is the equivalent of a vertically polarized plane wave approaching the 
aircraft from any azimuth angle. The increase in sensitivity of any 
small antenna when located at a given point on the airframe can be 
determined for this case if the ratio Eu/Eq can be evaluated. The 
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ratio Eb/Eq is called the curvature factor (normally for the vertically 
polarized case, although it can be specified for any angle of incidence 
of the field.) The curvature factor for a given airframe location may 
be determined by measuring the induced charge on a small antenna of any 
convenient shape when it is mounted first on the model aircraft and then 
on the ground plane. 

In actual practice the ratio En/E© for any particular location on 
the model is more accurately determined from the charge pattern obtained 
by measurements at various orientations relative to the static field. 

It may be shown that the charge induced on the model for vertical 
polarization of the incident wave is equal to the maximum charge at that 
location multiplied by the cosine of the tilt angle. Since the charge 
pattern varies with the model orientation in the same manner as the 
radiation pattern of a dipole, a polar plot of the charge variation 
should result in two tangent circles of equal diameter. The experi- 
mentally determined values seldom produce exact circles when plotted, 
due to errors in the measurement technique. The values of maximum 
charge and tilt angle are determined from the circles best approximated 
by the experimental values. Determination of En/E 0 in this manner 
makes use of all the measurements at a particular test location rather 
than a single measurement. 

The sensitivity parameter for a particular antenna may be determined 
by modeling the antenna to a larger scale and making accurate measurements 
of the charge induced when this model is mounted on a ground plane. The 
increased size makes it possible to reproduce dotails of the antenna 



12 





• 


' -•*» >. 


• r 


1 ■ r • • cv- ’ r 


• 


1 


r - 1 


i ' 1 • * . • 




/ t f * ! t •* 




r -* •# * . 


• • i > • /* 


• »■ v . 1 




r ■ ; . 





Cn <r 4 . -* I ir»* f -C « «,•) 'M - ' i e* • id •„ . ml 

*- ‘ f 1 '< ,i ,*•/* -i r »j '{ l\ ' 7«iaif i j* h / 

r»~ •: ' *'■ f v !»'. ' --xj - - . > t . ' ,. r • .<> s. -M o !>'.• y* « 

■ • f «*•'• ‘1 o' *; ’ « • <*’J fvi'- i • A vl-’.-r . ", *l.- . . i 

- r t - ' 'j -x <M ' ■ .1 ifi® ;.~u v! ^ . ,t j -_i . 

■ f i' / “j *• ■* oi.M tlti /«*■•" f L ^s'.- ;> ,* irv-.'x i- »d • 

- * • -i • :• > -y >d • It/ «r w ! t 1. fd.At'i '< 

• '• M ' ♦ 3 r i* >i3 "I '' o F " ’ MI: { ' r 

• ■ *i ' * i* . • * * *, • >d »ii n JJ * ‘ ■••• ‘.'o i f. i* ••> . * Miv to. J •<? 

i / < ■> - v • .Hd \c J.'Ig v,r.oj r <• I ■ i;f *»o ir ■•jrj —; n ■ !. ; »• 

~' r ' ■ - ■ ' .*■" «t.M ' In, e ‘ 9-odlo >T' r ; J .1 «•»/• j ■ c- . •> , 

< -to • ' « .x» ox>*- v i.j f'i • ui; *. ,}••£' «-fi. j 

1 / i r i . < ,'iV. .t'l - *3 P.> •iM ■ . •; . 'X3 •,+ 1. 

•' • 1- j •'"/ M ■ N li • .i ..[ . ,i:’j ‘injt ■■ ■ .! 

'■ i ' •• \, r « 'ii, L*. >(. . r r i* >. , i* 

" ' ■> •' "0. 1 \ L‘ •> I * •• >1 . j"* 1.3 . 'fd I j'.‘ **C • 'iir 

, dt • [* 4 n : « J 

•’ * • - j. • M.- ?S'. <' • i. i. Td<* •• tt? . 

' J ’ * ■ * . ;; *.j3f . . ■* .. a . , •[ 

/ * •• • iv * ”/ f • J.'.i *1 d • 

* 1 ' ’ J > "•* - 't v i 1 *' n\. I •• - o? 



• r 



construction which affect Its characteristics, but which are not necessary 
for the determination of the curvature factor. The equivalent area of the 
scale model thus determined may be converted to the value for the full- 
scale antenna from the knowledge that for two geometrically similar 
antennas the ratio of the equivalent areas is the square of the linear 
scale factor, with the larger antenna having the larger equivalent area. 
The sensitivity parameter for the full-scale antenna mounted on the air- 
craft may be calculated by multiplying the ground plane value thus 
determined by the curvature factor appropriate to the desired location. 

This investigation is primarily concerned with the effects of the 
airframe configuration on the characteristics of small antennas. As 
shown in Chapter II, the sensitivity parameter is proportional to the 
product Cftl 9 . For a particular antenna the determination of the full- 
scale equivalent area together with the precise measurement of C a 
permits the separation of this product into its component values C a and 
1 # . Since these parameters are a function of the antenna design and not 
of the airframe configuration, the measurement of C # is not required 
in this study. 
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CHAPTER IV 



MEASUREMENT FACILITIES 

Measurements of the equivalent dipole tilt angle (orientation of 
the radiation null) and the curvature factor were obtained in the 
electrostatic cage. Figure 9 is a sketch of the cage showing the conduct- 
ing eod plates with surrounding guard-ring wires and resistance voltage 
divider to minimize fringing of the field. 

The model to be measured is mounted on an insulated shaft with 
the fuselage centerline perpendicular to the shaft. Provisions must be 
made for mounting the model on either the top or the bottom of the 
fuselage to place the shaft as far as possible from the points at which 
measurements are to be taken. The Insulated shaft passes through the 
electrostatic cage at the center parallel to the conducting end plates. 

The ends of the shaft are mounted in bearings permitting orientation of 
the model at an y desired angle relative to the incident field. 

A rigid probe was developed for removing the charged probing 
antenna from the cage. The antenna is fixed in a short section of 
Teflon threaded on a four inch length of one-eighth inch diameter Nylon 
rod. This provides the necessary stiffness with the minimum perturba- 
tion of the field in the vicinity of the antenna. It also provides 
excellent insulation of the charged antenna, limiting the leakage of the 
probing system to orders of magnitude smaller than the measurement 
capabilities of the electrometer. The Nylon rod is attached to a Fiber- 
glas rod of larger diameter approximately three feet in length. This 
allows positioning of the antenna in a small location hole at the 
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desired fuselage station from outside the electrostatic cage. 

The d-c field is Impressed with the antenna In place on the model 
causing a separation of charge. The antenna is removed with the Induced 
charge while the field is still present. Although removal of the antenna 
disturbs the charge distribution both on the aircraft and the antenna, the 
total quantity of charge removed remains the same. The field is then 
removed and the charged antenna placed inside a brass cup at the input 
of a sensitive electrometer. This brass cup, which is shielded by another 
coaxial grounded cylinder, acts as a Faraday "ice-pail" since its capa- 
citance to ground is independent of the size or shape of the charged 
body placed in it. The voltage on this capacitor therefore depends 
only on the charge it has received. Typical values of measured charge 
for this study ranged from 35 to 445 micro-micro-coulombs at the radia- 
tion pattern maximum. The experiment was conducted with a d-c potential 
of 17.5 kilovolts impressed across the conducting end plates of the 
electrostatic cage. This corresponds to a field intensity of approxi- 
mately 11,000 volts per meter. 

Figure 10 is photograph of the facilities described above under 
actual measurement conditions. 

The prolate spheroid and the different wing and tail assemblies with 
which various aircraft configurations are simulated are shown in Figure 11. 
In order to dimension the prolate spheroid properly a survey was made of 
a number of representative aircraft. The average fuselage length-to- 
diameter ratio of 9.08 for the various aircraft led to the choice of a 
911 major-to-minor axis ratio for the spheroid. The length of the 
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spheroid was chosen as 27 inches. Bolljahn (^3^ has shown that with a 
spacing of 60 inches between the end plates of the electrostatic cage, 
this length is an optimum size for obtaining measurable charge without 
producing undesirable perturbations of the field due to images. 

The principal dimensions of the other airframe components were 
similarly related to the fuselage length and the ratios averaged to 
determine the sizes and shapes of the simulating components. Figures 
12, 13, and 14 are photographs of three configurations illustrating the 
flexibility of the mock-up in simulating complete airframes. 
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CHAPTER V 



EXPERIMENTAL RESULTS 

The discussion which follows is based on the results of an 
investigation conducted by the writer £ 4 } for Stanford Research Insti- 
tute during the ten-week industrial experience tour of duty. 

1, Measurements on Prolate Spheroid Mock-Up 

The equivalent dipole tilt angle and the curvature factor may be 
calculated for different positions on the prolate spheroid from the field 
equations as discussed in Chapter II. This was done for the prolate 
spheroid used in this study as a check on the calibration of the entire 
systen. Figure 15 is a plot of the calculated values with the experiment- 
ally determined values superimposed. The close agreement of experimental 
and calculated valuos is indicative of the accuracy of measurement 
obtainable with this system. 

A low-wing configuration was chosen to illustrate the incremental 
effects of the various airframe components as they are added to the prolate 
spheroid in logical succession. The results are shown for top centerline 
stations in Figure 16 and bottom centerline stations in Figure 17. In the 
former case the tilt angle curve shifts forward as the wing is added and 
backward with the addition of the horixontal stabilizer. The only other 
change is the decrease in tilt angle at stations near the tall with the 
addition of the vertical fin. The wing alone raises the curvature factor 
along the top of the fuselage, but the major effect is the rapid decrease 
in curvature factor near the tail when the vertical fin is added. 
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For the stations along the bottom centerline of the fuselage the 
addition of the wing has little effect on the tilt angle forward of the 
wing centerline. There is an initial Increase in tilt angle aft of the 
wing, followed by a continual decrease as succeeding components are added. 
An increase in curvature factor duo to the addition of the horizontal 
stabilizer and the vertical fin accompanies the decrease in tilt angle 
at stations near the tail and makes the shielding effect of the wing more 
pronounced. The addition of nacelles further increases the shielding 
effect forward of the wing along the bottom of the fuselage but has 
negligible effeot on the top stations. 

As the position of a straight (O-degree sweepback) wing alone is 
varied from top to bottom on the spheroid, there la very little shift in 
the position of zero tilt angle. However, there is a continual decrease 
in tilt angle at all stations, as shown in Figure 18. This data is 
plotted for the top centerline stations only since the curves for wing 
positions abovs the center at those stations gives the data for wing 
positions below the center for the bottom stations with tilt angle signs 
reversed. The curvature factor rises along the length of the spheroid 
as the wing is moved down. The Intermediate wing positions cause only 
a general rise at all stations, while the extreme wing positions reveals 
the shielding effect of the wing when located at the top of the fuselage, 
and an opposite effect duo to the increased fringing of the field to the 
fuselage when the wing ie at the bottom. 

Figure 19 shows the effect of varying the position of a wing 
having 35 degrees of sweep-back. Again the position of zero tilt angle 
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Is nearly the same for all wing locations with a decrease in tilt angle 
that is evident only for stations forward of this position. Zero tilt 
angle occurs near the trailing edge of the wing in contrast to its 
location near the wing certerline for the straight wing. The overall 
shielding effect of the swept-back wing is apparent in the sDaller changes 
in curvature factor at stations aft of the spheroid center as the wing 
position is changed. The largest variations in curvature factor occur at 
the forward stations and over the wing, resulting fron localised shielding 
of the wing root. 

The addition of the horizontal stabiliser (Figure 20) causes a shift 
of the tilt angle curve toward the tail and decreases the tilt angle 
in the vicinity of the stabilizer for both top and botton stations. Tho 
curvature factor variation with position on the spheroid is very nearly 
the same as with the wing alone. 

The vertical fin, which completes the simulated aircraft, produces 
the most marked effects, particularly on the curvature factor. Figure 21 
shows that the tilt angle curve flattens out as the fin is approached along 
the top of the fuselage. A general decrease in tilt angle occurs at all 
the bottom stations aft of the wing. The curvature factor for tho top 
stations decreases rapidly in the vicinity of the vertical fin, although 
for the high-wing configuration the general level and trends for the 
forward stations remain unchanged. The curvature factor for the low-wing 
position is reduced to the same level as for the mid-wing position. Along 
the bottom centerline the addition of the fin increases the curvature factor 
for the mid-wing position but decreases it for the high-wing position. 

At stations behind the wing the curvature factor for the low-wing 
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position is Increased, caking the shielding effect of the wing core 
pronounced. 

Figures 22, 23, and 24 indicate the effect of wing sweepback for 
high, mid, and low-wing conf igurations. The shape of the tilt angle 
curve is sinilar for both wing styles at all three positions but a 
decided rearward shift is apparent for the swept-back wing. The general 
level of the curvature factor curves is the same at each wing position 
for both wing types. The swept-back wing causes a shift toward the tail 
of the maxiaua value of curvature factor at the high and odd-wing posi- 
tions, end a shift rearward of the cinicUB value at the low-wing position. 

Data obtained from a sock-up of a delta-wing aircraft is included 
in Figure 23. For top centerline stations the curvature factor is the 
saae as for the straight wing configuration. The tilt angle is nearly 
the average of the values for straight and swept-back wings over the 
forward half of the fuselage. Along the bottom of the fuselage the 
curvature factor is again the saae as for the straight wing. As the 
test station is coved rearward beneath the wing, a linear decrease in 
curvature factor occurs. When the trailing edge of the wing is reached 
the curvature factor rises abruptly. 

Variations in vertical fin configuration were made at the low- 
wing position for both straight and swept-back wings. Figure 25 
indicates a decrease in tilt angle at stations near the tail as the 
vertical fin area is increased. The addition of the three snail fins 
causes a general increase in the curvature factor for both top and 
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botton stations, while the large single fin affects only stations along 
the botton of the fuselage particularly near the tail. The data for the 
swept-back wing presented in Figure 26 shows little effect on either 
quantity with a change in the vertical fin size. 

2. Predictions and Measurenents on Aircraft Models 

The results so far have been general, in that they deal with a 
simulated aircraft whose components were determined from the average 
of a number of actual aircraft. Since the intent of this study is to 
Increase the accuracy in predicting the characteristics of a particular 
aircraft, these general results were used to predlot the variations in 
curvature factor and tilt angle for five different representative aircraft. 

The method of using the general curves for prediction is best 
illustrated by describing the step-by-step procedure for predicting the 
characteristics of the P2V aircraft. The P2V is a twin-engine aircraft 
having a large single vertical tall. The wing location is between the 
mid-wing and high mid-wing configurations simulated with the prolate 
spheroid. Interpolation of the curves for mid-wing and high-wing 
configurations in Figure 14 should take into account all the airframe 
variations except for the nacelles. The amount of interpolation for the 
wing position is indicated by the curves of Figure 11 for the wing 
alone on the spheroid. Figures 9 and 10 indicate an effect due to the 
nacelles on the fuselage stations nearest the nacelles. Because of the 
central location of the P2V wing, the effect on the curvature factor will 
in all probability be small and apparent only at the top stations which 
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are adjacent to the nacelles. 

Comparisons of the actual model measurements with the predicted 
characteristics are shown in Figures 20 through 24 for the five air- 
craft. The curves indicate an ability to predict the shape of the curva- 
ture factor and tilt angle curves. The prediction of the cro3s-over 
point for the tilt angle and the general level of the curvature factor 
is influenced largely by departures in detail of conf iguration from 
the idealized model used for simulation. 

One effect of these details appears in Figure 20 with the low 
curvature factor on both the top and the bottom of the fuselage. This 
is attributable to the flattened cross-section of the P2V fuselage. 

The location of an antenna on a surface for which the radius of curva- 
ture is small relative to the antenna size results in a radical departure 
of the curvature factor from the predicted value. This effect is illu- 
strated in the curves for the DC-6, F-84, and F-86 models by the sharp 
rise in curvature factor at stations near the tail due to dorsal exten- 
sion of the vertical fins. 

The tilt angle curves for all the aircraft fall forward of the 
predicted curves. This is reasonable since the aircraft tend more 
toward a tear-drop fuselage shape in longitudinal cross-section than to 
the symmetry of the spheroid. 
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CHAPTER VI 



CONCLUSIONS 

This study provides much information of a general nature concerning 
low-frequency aircraft antenna characteristics. Explicit trends duo to 
the configuration are clearly indicated. The longitudinal position of 
the wing largely determines the location of zero tilt angle, though 
this is influenced slightly by the size and shape of the tail assembly. 

The vertical position of the wing is the controlling factor in the 
general level of the curvature factor for both top and bottom stations. 

The curvature factor will be higher on the top or the bottom of the 
fuselage depending on which is farther from the plane of the wing. 
Sweepback in the wing plan-form causes the localized effects in the 
region of the wing root to spread over a greater length of the fuselage. 
The vertical fin size is the predominant factor in the localized effects 
at stations near the tail. As the size is increased the curvature factor 
decreased more rapidly on the top of the fuselage in the vicinity of the 
fin. The tilt angle decreases less rapidly near the tail with an increase 
in the vertical fin size. The nacelles provide only localized effects 
on the stations nearest them. 

The comparison of the actual model measurements with the predictions 
based on the general curves Indicates the need for more information 
concerning the smaller details of the aircraft configuration. The 
predictions are not sufficiently accurate for use as design information 
unless modified to include these effects. The modifications to the 
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basic information can be obtained by continual comparison of the curves 
for specific aircraft with the general curves. In this manner the effects 
of the smaller details in configuration may be identified and used to 
provide more accurate predicticns. Further erployment of the electro- 
static measurement technique in the study of low-frequency aircraft 
antenna characteristics should include a program of correlation 'with 
this basic study to enhance its value as a design tool. 
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